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Abstract 
Clayey soils often exhibit undesirable engineering behaviour such as low strength, 
swelling and shrinkage characteristics etc. To improve these properties, the common 
method followed is stabilization. An experimental program carried out in this study 
aims to highlight the physical mechanisms of stabilization of an expansive soil by 
adding an inert material (sand). The study aimed to analyze the effect of stabilization 
on the variation of soil consistency and the results have shown that soil consistency 
improved appreciably. The findings of the laboratory testing procedures also 
presented substantial improvement in strength with the addition of sand percentages 
up to 60% by weight of soil, as well a noticeable alteration in the moisture-density 
relation. The soil tested could be used as subgrade material in pavement structures 
for low volume bearing roads, after its stabilization with fine sand. A further step in 
the investigation process could be the analysis of the swelling potential of clayey soils 
in conjunction with the addition of other waste materials along with sand, as well as 
the cost-benefit relationships of stabilization with sand in large projects like the 
highway construction. 
Keywords: clay, additive material, engineering characteristics, physical properties, 
stabilization. 
Περίληψη 
Τα αργιλικά εδάφη συχνά επιδεικνύουν ανεπιθύμητες μηχανικές ιδιότητες, όπως μικρή 
αντοχή, μέτρια χαρακτηριστικά συρρίκνωσης και διόγκωσης, κ.λπ. Η συχνότερα 
χρησιμοποιούμενη μέθοδος για να βελτιωθούν αυτές οι ιδιότητες είναι η 
σταθεροποίηση. Διεξήχθησαν δοκιμές εργαστηρίου στα πλαίσια ενός προγράμματος 
όπου αναζητήθηκε να κατανοηθούν οι φυσικοί μηχανισμοί σταθεροποίησης ενός 
αργιλικού εδάφους με μεγάλο δυναμικό διόγκωσης μέσω της προσθήκης ενός ανενεργού 
υλικού, δηλαδή άμμου. Τα αποτελέσματα έδειξαν αξιοσημείωτη βελτίωση στη σύσταση 
του εδάφους. Τα ευρήματα της εργαστηριακής έρευνας παρουσίασαν επίσης ουσιαστική 
βελτίωση στην αντοχή του εδάφους με την προσθήκη ποσοστών άμμου μέχρι και 60% 
κατά βάρος εδάφους, καθώς και αξιοσημείωτη μεταβολή στη σχέση υγρασίας-
πυκνότητας. Το έδαφος που εξετάστηκε θα μπορούσε να χρησιμοποιηθεί ως στρώση 
έδρασης σε κατασκευές οδοστρώματος για οδούς οι οποίες μεταφέρουν χαμηλό 
κυκλοφοριακό φόρτο, μετά τη σταθεροποίησή του με λεπτόκοκκη ποτάμια άμμο. Ένα 
βήμα για περαιτέρω διερεύνηση είναι η ανάλυση του δυναμικού διόγκωσης αργιλικών 
εδαφών σε συνδυασμό με την προσθήκη άλλων απόβλητων υλικών μαζί με άμμο, καθώς 
και οι σχέσεις κόστους-οφέλους της σταθεροποίησης με άμμο σε εκτεταμένα έργα όπως 
η οδοποιία. 
Λέξεις κλειδιά: άργιλος, πρόσθετο υλικό, μηχανικά χαρακτηριστικά, φυσικές ιδιότητες, 
σταθεροποίηση. 
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1. Introduction  
Subgrade plays an important role in safe and cost effective pavement construction, given that the 
materials are suitable. Usually, there is a requirement for the improvement of both the plasticity and 
the bearing capacity of local soils. The stabilization methods are a common suggestion for such 
goals to be achieved. There are many techniques for soil stabilization and the choice between them 
depends on several economic, practical and environmental parameters. Discrete techniques are 
chemical stabilization, thermal stabilization, stabilization by additives such as lime and cement. 
Sand is a naturally occurring granular material. Because of its high load bearing capacity in confined 
condition, sand could be used as a filler material. So, sand could be used in varying proportions as 
admixture to cohesive soils altering the properties of plasticity, compaction and strength of the mixtures 
(Khemissa et al., 2015; Louafi et al., 2012). This work aimed to evaluate the laboratory results obtained 
when a black clay soil was tested for the dry density-moisture relationship and for the unconfined 
compressive strength after the admixture of sand in different proportions. 
Soils showing volumetric changes when they respond to changes in their moisture content are 
characterized as expansive. Such soils exhibit swelling shrinkage and often result to damage on civil 
engineering constructions like the transportation infrastructure. The change in soil volume is highly 
dependent on both the mineralogy of materials composing the soils and their proportions in the soil 
mass. Problems in technical structures have arisen in various places in Greece; examples of such 
problematic projects are the National Road near Thebes, Central Greece, along a 20 km section 
(Gkasios et al., 2000), and the provincial road network of N. Evros prefecture (Papakyriakopoulos 
et al., 2006), where geotechnical problems have been noted. 
Numerous researchers have applied inert materials to soils, as a method of stabilizing them (Bengraa 
et al., 2005; Kaoua et al., 1994; Lamara et al., 2005; Louafi et al., 2011). Though the research works 
have shown that the addition of inert materials is a promising technique for stabilizing such soils, 
there are still many open questions on the behaviour of an amended soil that require answers from 
the engineers’ community. In this work, the effect the addition of sand on the characteristics of a 
clayey soil is being studied. 
In a research work (Chavali et al., 2014) it was found that the maximum dry density of clay-sand 
mix improved with the addition of sand up to 30%; thereafter it decreased. In the same report, the 
optimum moisture content decreased up to 30% sand content thereafter it increased slightly. 
There is an interest in investigating the simultaneous action of sand and other materials in 
stabilization trials (Bhatta, 2008). Sharma et al. (2012) worked on use of sand, rice husk ash and 
waste plastic fiber for improving compaction characteristics of clayey soil for use as subgrade 
material. The influence of materials such as fly ash or river sand on compaction, and strength 
characteristics of black cotton soil has been extensively investigated in countries like India (Ameta 
et al., 2007; Sharma et al., 2013; Singh et al., 2014) or Nigeria (Madu, 1975) where problems are 
encountered due to cyclic swelling and shrinking behaviour of the soils. In practice, construction 
plans in which sand is used as a stabiliser instead of cement or lime could lead to minimised 
construction costs for roads carrying medium density traffic. 
A research work in Uganda (Jjuuko et al., 2011) showed that maximum dry density (MDD) and 
optimum moisture content (OMC) increased from 1867 to 2357 kg/m3 and decreased from 16.5 to 
8.5%, respectively, at sand blends of 20-100% while the unconfined compressive strength decreased 
from 787 to 95 kPa at sand blends of 20-60%. 
According to stabilization techniques followed in order to improve the soil, the finer soil particles are 
replaced with coarser particles of sand admixture. In such a way, a uniform gradation of particles in 
the soil is created and the composite mix formed possesses both cohesion and friction. Furthermore, 
when properly mixed, placed and compacted at site, the soil exhibits improved load carrying capacity. 
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Subgrade plays an important role in safe and cost effective pavement construction, given that the 
materials are suitable. Usually, there is a requirement for improvement of both the plasticity and the 
bearing capacity of local soils. Stabilization is a common solution for such goals to be achieved. 
Sand is a naturally occurring granular material. Due to its high load bearing capacity in confined 
condition, it could be used as a filler material. Sand could be used as admixture to cohesive soils 
altering the properties of plasticity, compaction and strength of the mixtures (Roy, 2013). 
2. Materials and Methods 
The soil samples for the laboratory investigation were collected at a location where the thickness of 
swelling soils varies from a few meters to several tens of meters, appearing in 1 to 3 meters 
superimposed layers which are alternating with sand, gravel or cobble layers. The clay content, as 
well as the mechanical behaviour, of these soils also varies greatly from site to site. The clay sampled 
had a dark greyish colour. The grain size distribution of the selected clayey soil has been determined 
by both the dry method (AASHTO T27-11) and hydrometer analysis. The grain size distribution of 
the soil is shown in Figure 1. 
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Figure 1 - Soil grain size distribution. 
The natural soil is characterized by the following moisture and density properties: γ=1840 kg/m3, γd=1426 
kg/m3, m=29%, e=0.855, n=0.461 and S=92.2%. The soil is classified as Group A-7-5 according to the 
AASHTO classification system, while, according to the Unified Classification System, is classified as CH. 
The suitability of such soils as subgrades in pavement construction is judged as fair to poor. 
Using the oedometer test, the swelling pressure of the soil has been found equal to 37.5 t/m2, while 
the free swell was equal to 28.1%. The colloid content (% percent smaller than 0.001 mm) is 57.68%, 
the linear shrinkage 17.91%. Methylene blue tests performed on the soil yielded values of dye 
volume and apparent surface area equal to 19.5 cm3 and 251.55 m2/gr of soil, respectively. 
In the present study, a fluvial aggregate material of sand size has been selected for the stabilization 
procedure of the swelling soil. Mixtures of the soil with the sand had been prepared in the laboratory 
on the basis of additive percentages, differing by 10% by soil weight from each other, starting from 
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10% and ending up to 100% (a mixture half soil and half sand). For each percentage of additive 
material, a set of three specimens was prepared. 
The optimum moisture content for specimens formed using the various soil-sand ratios has been 
determined using the modified Proctor method according to AASHTO T180-15 specification. For the 
unconfined compression strength (UCS) test, cylindrical specimens with 2 in diameter and 5 in height 
(5.08 cm x 12.7 cm) were used. The quantity of material for each sample was determined by the 
optimum moisture-maximum dry density relationship. For the preparation of strength specimens, the 
optimum moisture was used. The machine for the testing operated at a strain rate of 1.25 mm/min. 
3. Results and Discussion 
The liquid limit of both soil and soil-sand mixtures (passing the No. 40 sieve) was found using the 
Casagrande method. The liquid limit values decreased with the addition of sand. The same trend has 
been shown by the plasticity limit values, though the rate was less intense than that of LL. The 
decrease in plasticity index values is mainly due to the decrease of LL values. The variation in 
Atterberg limits with the addition of sand in various proportions is shown in Figure 2. Similar 
findings have been reported in other experimental works on soil stabilization with sand (Roy, 2003; 
Ravi Shankar et al., 2012). 
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Figure 2 - Atterberg limits for soil mixtures with varying sand content. 
Linear shrinkage of a soil specimen is the reduction of one of its dimensions, when the contained 
moisture being reduced from a given value reaches the maximum soil moisture and further reduction 
does not cause any soil volume change. The linear shrinkage was calculated using molds to produce 
semicircular specimens 140 mm long x 12.5 mm radius. Soil samples mixed with water up to the liquid 
limit value had been placed in the molds, according to BS 1377:Part 2:1990 specification. 
The linear shrinkage of soil specimens with different sand contents was expressed as 
LS(%)=(ΔL/L)x100 and is shown in Figure 3. 
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Figure 3 - Linear shrinkage for soil mixtures with varying sand content. 
In order to find the dry density-moisture content relation with the standard Proctor compaction test, 
sand and soil samples passing the No. 4 (4.75 mm) sieve were used. The values of maximum dry 
density for the different soil-sand mixtures are presented in Figure 4. A continuous increase of MDD 
has been noted mainly because of the higher specific weight of the admixture material. 
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Figure 4 - Maximum dry density for soil mixtures with varying sand content. 
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The values of optimum moisture content followed a reverse trend ranging from 21% for the natural 
soil up to 13.5% for the ratio 1:1 soil to sand, as it is shown in Figure 5. 
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Figure 5 - Optimum moisture content for soil-sand mixtures. 
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Figure 6 - Unconfined compression strength for soil mixtures with varying sand content. 
The unconfined compression strength has increased for each sand addition increment up to 60% 
sand (from 1211 to 2798) and then linearly decreased for all other percentages (Figure 6). The 
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decrease in strength values could be attributed to less cohesion between the particles in the mixture. 
It can be suggested that this proportion is an optimum for soil stabilization with sand. 
In general, the compaction characteristics have been enhanced (increased maximum dry density and 
decreased optimum moisture content) with the addition of sand as the moisture-density curves have 
been shifted left and upper. This fact leads to the conclusion that the demand for water in order to 
achieve the desired field density values is lower. On the other hand, the strength gain reached the 
131% with the addition of sand 60% by soil weight. 
4. Conclusions 
Since problematic soils are a worldwide problem, there is an increasing demand for techniques to 
improve their behaviour. Countries like Greece with their economies in crisis (low per capita 
income) or having low cement and lime production, can use the stabilization with sand technique in 
order to enhance soils to be used as pavement subgrades. 
Based on the experimental results on clayey soil stabilized with sand, it could be concluded that: 
 The Atterberg limits changed in a decreasing mode with the sand admixtures in ascending 
percentages. The liquid limit values initially indicated a decrease with the addition of sand. 
Further adding increased sand contents, the observed reduction in LL was small. The plastic 
limit showed slight alteration (reduction) with the increase of sand contents. The lower Pi 
values could be mainly attributed to the decrease of LL values. 
 Linear shrinkage was decreased by 42% with stabilization. This finding can be interpreted as 
an indication that the soil can be used as a subgrade material for construction of flexible 
pavements in rural roads with low traffic volume. 
 Referring to strength characteristics, the values of UCS tend to increase until a peak strength 
value had been reached with 60% sand by weight of soil. 
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